the present ones which suggest the existence of a photochemical reaction between D N A and bilirubin are somewhat disquieting, particularly when one considers that mutagens and chemical carcinogens derive their biologic activity from the ability to react with DNA. Our results suggest that phototherapy of neonates is a complex process which may generate a number of potentially dangerous genetic side effects.
Extract
Although the precise etiologic incitant of the minimal lesion idiopathic nephrotic syndrome of childhood is not known, it is likely that a host mechanism mediates the permeability alterations of the glomerular capillary wall resulting in massive proteinuria. As a first step in examining the possibility that local kinin release may account for the proteinuria in this disorder, two parameters of the plasma kinin-generating system, plasma prekallikrein and kallikrein inhibitor, were assayed during 27 nephrotic episodes in 21 corticosteroid-responsive children. Plasma kallikrein was assayed by means of its esterase activity on a synthetic arginine ester substrate, N-a-tosyl-L-arginine methyl ester (TAMe), after activation of Hageman factor by kaolin. This activity, after subtraction of spontaneous arginine esterase activity (i.e., TAMe esterase activity measured in plasma not exposed to kaolin) is derived from prekallikrein. Plasma prekallikrein activity in 11 normal children was 99.6 + 2.9 pnol TAMe hydrolyzed/ml plasma/hr (mean + SEM). Kallikrein inhibitor was quantified in arbitrary units. Kallikrein inhibitor activity in 11 normal children was 0.94 + 0.04 units.
During the overt nephrotic syndrome, before initiation of intensive daily corticosteroid treatment, mean values were: prekallikrein, 58.5 A 7.24 flmol/ml/hr; and kallikrein inhibitor, 0.35 + 0.06 units. After corticosteroid-induced remission occurred, mean values were: plasma prekallikrein, 118.6 + 3.2 pmol/ml/hr; and kallikrein inhibitor, 0.78 + 0.03 pmol/ml/hr. Both parameters were again assayed in 14 of the 21 children after complete cessation of corticosteroid treatment. Plasma prekallikrein was normal, 99.6 * 4.8 flmol/ml/hr; but kallikrein inhibitor was still somewhat depressed, 0.84 + 0.03 units. A subset of 9 patients had marked depression of plasma prekallikrein to levels less than 20 pmol/ml/hr and essentially undetectable inhibitor acGvity. Serum a-2 macroglobulin was elevated in nephrotic patients: mean value during relapse, 862 + 29 mg/100 ml; during corticosteroid-maintaining remission, 615 * 29 mg/100 ml. After cessation of corticosteroids, mean serum level was 481 + 20 mg/100 ml. The proportional reduction of plasma prekallikrein and kallikrein inhibitor suggested that an enzyme-inhibitor complex formed in vivo, perhaps at a local KALLEN AND LEE site of activation in proximity to the glomerular basement membrane. These data suggest that the plasma kinin-generating system may be the host effector mechanism subserving the increased glomerular capillary permeability in the minimal lesion nephrotic syndrome of childhood.
Speculation
Local activation of the plasma kinin-generating system in close proximity to the glomerular capillary wall may mediate the proteinuria of the minimal lesion nephrotic syndrome. Inhibitors of the kinin-generating sequence may provide effective and rational treatment for children with frequent relapses of the nephrotic syndrome or those corticosteroid-resistant children destined to have a recurrence of the minimal lesion nephrotic syndrome in a renal allograft.
The proximate cause of the massive proteinuria in childhood idiopathic nephrotic syndrome associated with a minimal glomerular lesion ("lipoid nephrosis") is not known. The characteristic change seen on electron microscopy, obliteration of glomerular epithelial cell foot processes, is generally held to be a consequence, rather than the cause of proteinuria (14) . It has not been possible to define a role for the usual immune mechanisms in the mediation of proteinuria in this disorder; specifically, prominent immunoglobulin (Ig) or complement deposits along glomerular capillary walls have not been noted (1 1). The report of glomerular localization of IgE (16) has not been confirmed (25, 29) . In view of the lack of evidence implicating an immunoglobulin-complement-neutrophilmediated mechanism of glomerular basement membrane damage, it seemed possible that other host-effector mechanisms elaborating a permeability-promoting substance might subserve this role. As a first step in examining this possibility, the behavior of the plasma kinin-generating system was examined in a group of children with this disorder.
The sequence of reactions leading to the generation of bradykinin in plasma is shown in Figure 1 . The initial step involves activation of Hageman factor (6) , which, in turn, initiates both the coagulation and fibrinolytic systems. Plasmin digests activated Hageman factor, yielding a 28,000 molecular weight fragment (prekallikrein activator) which converts prekallikrein to kallikrein (30) . Kallikrein, in turn, cleaves bradykinin from kininogen. Kallikrein also participates in an amplification feedback loop promoting further activation of Hageman factor (I). Bradykinin is rapidly inactivated by plasma kininases. Kallikrein is rendered inactive by formation of ? g m p l e x with inhibitor proteins, chiefly CI-esterase inactivator (Cl-INA) and a-2 macroglobulin.
The purpose of this study was to assay two parameters of the plasma kinin-generating system, viz, plasma prekallikrein and kallikrein inhibitor.
METHODS
Blood was obtained from 11 normal children and 21 children with 28 episodes of the nephrotic syndrome, during the overt nephrotic phase and after corticosteroid-induced remission of proteinuria. These studies were repeated in 14 of the 21 patients, after cessation of corticosteroid treatment. Patients with renal disease other than lipoid nephrosis were not studied at this time. Venous blood (4.5 ml) was drawn into the second of two plastic syringes and immediately mixed with 0.5 ml3.8% sodium citrate in a plastic tube. The specimen was centrifuged and the plasma separated and analyzed immediately or frozen at -70".
The esterase activity of plasma prekallikrein was assayed by the method of Colman et a/. (7) employing a synthetic substrate, TAMe-hydrochloride (37) . The rate of hydrolysis of TAMe, in terms of methanol released (micromoles per milliliter of plasma per hour), is quantified with reference to a calibration curve prepared with absolute methanol in buffer. Peak esterase activity occurs I min after activation and thereafter declines exponentially (7) . The exponential decline is due to interaction of kallikrein with inhibitor protein, mainly CT-INA (7, 8) . Kallikrein inhibitor is quantified in arbitrary units, wherein 1 unit inhibition equals that amount of inhibitor resulting in 50% inhibition 5 min arter kaolin activation (7) . Serum a -2 macroglobulin was measured by radial immunodiffusion using commercially available plates (38) . Normal levels are 150-420 mg/ 100 ml.
The mean value i 1 S E M was computed by standard statistical methods (32) . The Student t test (two-tailed test) was employed using a standard program on the Hewlett-Packard 9810 A calculator.
RESULTS
Plasma prekallikrein and kallikrein inhibitor were assayed in I I normal children and 21 children with corticosteroid-responsive idiopathic nephrotic syndrome ( Table I) . Nine of the 21 nephrotic patients were shown to have lipoid nephrosis on renal biopsy. In 1 1 normal subjects, results (mean i I S E M ) were: plasma prekallikrein, 99.6 * 2.9 Fmol/ml plasma/hr; kallikrein inhibitor, 0:94 * 0.04 units. These compare favorably with those of Colman et a/. Spontaneous arginine esterase activity in our normal subjects was 1.9 0.4 pmol/ml/hr; this is lower than that reported by Colman et a/. (7), 7 0.8 pmol/ml/hr. This represents a significant difference (P < 0.01) for which we have no explanation.
However, since this comprises such a small fraction of total arginine esterase activity after kaolin activation, it does not greatly Contact with an altered surface is presumed to activate Hageman factor, thereby initiating the sequence of reactions ultimately leading to cleavage of bradykinin from kininogen by plasma kallikrein. The chief inhibitor of plasma kallikrein is cT-INA, which also interacts with other plasma proteases. 'Twenty-one children were studied during 28 nephrotic episodes. Mean I SEM. Prekallikrein data represent net N-a-tosyl-L-arginine methyl ester-esterase activity after subtraction of spontaneous activity.
The 14 nephrotic children studied after complete cessation of corticosteroid treatment represent a subset of the 21 children with overt nephrotic syndrome. 28 nephrotic episodes. damage to the GBM. In fact, the characteristic alteration on before and during corticosteroid-induced remission of proteinuria. electron microscopy, namely giomerular epithelial cell foot-procEnzyme activity, micromoles of N-a-tosyl-L-arginine methyl ester hydro-ess obliteration, is believed to be a consequence of excessive lyzed per milliliter of plasma per hour of incubation, is plotted on the filtration of plasma proteins, rather than the cause of proteinuria ordinate. The data plotted in the panel labeled relapse refer to children with (14) . The ultimate lesion accounting for proteinuria may be beyond the overt nephrotic syndrome; the data plotted in the remission panel refer the resolution of the electron microscope and could represent to the same children after corticosteroid-induced remission of proteinuria. subtle conformational changes of the macromolecular structural : 95% confidence interval (C.I.) derived from measurements in 11 units of the GBM. normal children.
The results reported herein could be explained by the following postulated sequence of events: ( I ) subtle injury to endothelium or GBM, with contact-activation of Hageman factor by the altered surface; (2) conversion of prekallikrein to kallikrein; (3) local affect the overall results. Spontaneous arginine esterase activity is generation of bradykinin in the microenvironment of GBM; ( 4 ) attributed to the combined action of several arginine esterases in rapid inactivation of bradykinin by kininases and binding of plasma, including kallikrein. thrombin, and plasmin (7).
kallikrein by C l -I N A ; (5) sustained activation of Hageman factor The 21 patients were studied during 28 episodes of the nephrotic at the local site of injury, repeating the cycle of events of steps I syndrome. The mean age at the time of study was 8.6 * 0.8 Years. through 4. ~h~ repetition of this sequence may partially deplete Serum biochemical measurements reflected the nephrotic syn-plasma levels of prekallikrein and inhibitor, in a manner analogous drome: mean serum total protein, 4.41 * g/ m'; serum to the depression of complement in the acute serum sickness model albumin, 1.70 * 0.13 &/lo0 ml; and cholesterol, 478 * 34 m&/100 nephritis in (10) . ~h~ constant turnover of kailikrein is ml. Blood urea nitrogen and serum creatinine were normal in all probably promoted by its stoichiometric binding with inhibitor instances. The mean 24-hr protein excretion in 19 patients was 3.0 molecules (17, 36) , i,e,, as soon as active kallikrein is formed, it is % 0.5 g. In 24 of the 28 episodes, the patient had experienced a rapidly inactivated. It is likely that kallikrein is bound rapidly to relapse; there were four new patients. In each of the 28 episodes the inhibitor since we found little increase in spontaneous arginine prednisone dose at the time of study could be established; 18 were esterase activity (3,3 * 0,3 Fmol/mllhr, assayed during 28 not taking prednisone and 10 were taking prednisone in dosages nephrotic episodes), that the active enzyme is not ranging between 5 and 60 mg as a single dose on alternate days. present in plasma in significant quantities. Mean values of plasma prekallikrein and kallikrein inhibitor in 21 children during an overt nephrotic episode before initiation of intensive daily corticosteroid treatment and after corticosteroidinduced remission are given in Table 1 and Figures 2 and 3 . During relapse, plasma prekallikrein is significantly depressed in relation
to the mean value in normal subjects ( P < 0.001), as is kallikrein t inhibitor ( P < 0.001). Table 1 ). Plasma prekallikrein was normal, but kallikrein inhibitor v a s still somewhat depressed, although not significantly different from the RELAPSE REMISSION mean observed during corticosteroid-maintained remission. Fig. 3 . Plasma kallikrein inhibitor in 21 nephrotic children before and Of particular interest is the subset of nine patients with marked during corticosteroid-induced remission of proteinuria. Values for plasma depression of plasma prekallikrein to levels less than 20 Fmol/ kallikrein inhibitor are lotted on the ordinate. The figure is otherwise ml/hr (Fig. 2) and essentially undetectable inhibitor activity (Fig. similar in construction to Figure 2 .
It is possible that kallikrein not only is activated within the fluid phase microenvironment of the G B M , but may also become bound to the G B M in proximity to the site of injury. This is consistent with the recent demonstration of the binding of plasma kallikrein to collagen and the kinin-releasing capability of the surface-bound kallikrein (20) .
The above explanation posits that depression of both plasma prekallikrein and kallikrein inhibitor reflects increased turnover and local generation of bradykinin in the absence of a proportional increase in synthesis of new enzyme or inhibitor, thus lowering the plasma level. However, we do not have direct proof for the hypothesis of increased consumption of prekallikrein.
Since the proteinuria in the minimal lesion idiopathic nephrotic syndrome is highly selective (2, 28) , it seems unlikely that plasma prekallikrein (molecular weight, 120,000) would be found in significant quantities in urine; rather, its depression may well be due to the mechanism indicated above. However, the proposed mechanism remains speculative and studies are currently in progress in our laboratory to establish whether plasma prekallikrein is present in nephrotic urine. Kallikrein inhibitor (mainly C i -I N A ) has a molecular weight of 90,000 and plasma levels might be depressed simply as a consequence of urinary losses. However, it is also possible that less inhibitor protein is available for assay by this technic, since some of it may be circulating as an enzyme-inhibitor complex (plasma kallikrein complexed with cT-INA). Formation of such a complex is suggested by the proportional reduction of both kallikrein and kallikrein inhibitor, especially in those patients with essentially undetectable inhibitor and prekallikrein activity of less than 20 pmol/ml/hr.
Although a -2 macroglobulin, a polyspecific inhibitor of several plasma proteases, is elevated in the nephrotic syndrome (3 I), our data fail to show increased inhibitor activity. The failure to detect such activity is not surprising since a -2 macroglobulin does not have a prominent effect on the esteratic site of kallikrein assayed by this method (19) . The significance of the elevated a-2 macroglobulin in the nephrotic syndrome is not known; it may represent a compensatory mechanism for preventing an uncontrolled activation of the kinin-generating system. Alternatively, the elevation of 01-2 macroglobulin m a y represent a nonspecific acute phase reaction.
These data clearly suggest that once corticosteroid-induced remission supervened, plasma prekallikrein and kallikrein inhibitor returned to normal levels. Since these patients received corticosteroids at therapeutic dosage levels, the possibility remains that such treatment may have influenced these results. Indeed, Cline and Melmon (4) have shown that plasma of patients treated with prednisone was less susceptible to kinin generation after exposure to glass or autologous granulocytes, and suggested that the site of inhibition was at the interaction between activated kallikrein and kininogen. However, these data have not been confirmed by further in vitro studies which failed to demonstrate a significant inhibitory effect on kallikrein by paramethasone (9) or hydrocortisone (8) . Moreover, kinin generation has been shown to be normal in patients receiving anti-inflammatory steroids (13) . In view of the return toward normal levels of plasma prekallikrein and kallikrein inhibitor in our patients, our data suggests that intensive daily corticosteroid administration does not interfere with the arginine esterase activity of kallikrein.
Of the 21 patients studied at the time of relapse, before initiation of prednisone at high daily dosage (60 mg/m2/24 hr; maximum dose, 60 mg), l I-were on a maintenance regimen of prednisone varying between 5 and 60 mg as a single dose on alternate days. There was no statistically significant difference of plasma prekallikrein and kallikrein inhibitor between the group receiving a maintenance dose of prednisone and the 10 patients not receiving steroids.
Since Hageman factor has been shown to be decreased in patients with nephrotic syndrome (21), it is possible that, if present in limiting quantities, prekallikrein-to-kallikrein conversion might be depressed as a consequence. Unfortunately, we were unable to carry out concurrent assays of Hageman factor activity in this group of patients. However, a recent study showed that the depression of prekallikrein activity was not due to decreased Hageman factor in the assayed plasma (24) , which suggests that the decreased prekallikrein is not simply a secondary consequence of a low level of Hageman factor. Alternatively, the results observed in this study might reflect a reduction in Hageman factor as a consequence of local consumption in accord with the sequence of events postulated above. The depression of Hageman factor is probably not due to urinary losses in view of the recent report which failed to demonstrate Hageman factor in the urine of a patient with the nephrotic syndrome (24) .
Activation of the kinin-generating system has been reported in hyperlipoproteinemia type I1 (3) . W e do not have a more complete characterization of the type of hyperlipoproteinemia in our patients, but it is known that nephrotics generally have either a type I1 or type IV pattern (IS).
The precise etiologic incitant of lipoid nephrosis is not known but it is possible that subtle damage to the G B M not only leads to contact-activation of Hageman factor (35) and, ultimately, generation of bradykinin, but also initiates the coagulation sequence. The latter is suggested by the finding of platelet thrombi in intimate association with the glomerular capillary wall (12) . Nephrotic children may have a hypercoagulable state (27) , and a number of alterations of clotting factor levels have been reported (21) : depression of Hageman factor and elevation of factor VIII, VII-X complex and fibrinogen. Elevation of fibrin-fibrinogen degradation products in serum has been noted in nephrotic children (33) . Platelet counts may be normal, but frequently are increased (18) .
The apparent depression of Hageman factor noted in nephrotics (21) may actually be caused by a primary reduction of plasma prekallikrein, by the mechanism outlined above, and consequent inadequate feedback amplification of Hageman factor activation (5) . The prolongation of the activated partial thromboplastin time reported in nephrotics (21) is similar to that seen in Fletcher factor (prekallikrein) deficiency (34) .
The participation of a "humoral amplification system" (23) may provide the basis for the apparent humoral nature of the recurrence of the nephrotic syndrome in certain patients with lipoid nephrosis receiving a renal allograft (22) . If further studies confirm these data, then a more rational search for a specific mode of treatment modulating the kinin-generating system might ensue. Furthermore, a specific mode of therapy resulting from such studies would contribute immeasurably to the management of patients with frequent relapses of the nephrotic syndrome and serious corticosteroid side effects.
It is likely that glomerular capillary wall damage occurs in other forms of glomerulonephropathy, especially when associated with florid histopathologic alterations, such that activation of Hageman factor probably occurs. We are currently extending our studies of the plasma kinin-generating system to such disorders.
S U M M A R Y
W e postulated that the plasma kinin-generating system may be activated in lipoid nephrosis, with elaboration of a mediator of increased glomerular capillary permeability t o plasma proteins. Both plasma prekallikrein and kallikrein inhibitor were depressed in 21 children studied during 28 episodes of the overt nephrotic syndrome. Both parameters returned to normal levels after remission of the nephrotic syndrome and cessation of corticosteroid treatment. These data are consistent with increased turnover of prekallikrein and kallikrein inhibitor in this disorder.
